Background: Constitutional delay of growth and puberty (CDGP) is the most common cause of short stature. This variant of normal growth can be associated with psychological stress in some affected individuals. Objectives: We aimed to assess the effects of clonidine on short-term growth rate in children and adolescents with constitutional growth delay. Patients and Methods: In this prospective, randomized clinical trial study, 48 prepubertal constitutionally short boys (6 -12 years
Background
Constitutional growth delay and puberty (CGDP) refers to children and adolescents who are very short compared with their peers. CGDP is the most common cause of short stature and delayed puberty and is more prevalent in boys [1] [2] [3] . Approximately 15% -17.7% of patients with short stature referred for endocrinologic evaluation have constitutional growth delay [4, 5] . Children with CGDP do not have any diseases and enter puberty later than their peers. They continue to grow and reach their adult height later, which is normal and comparable to their parents. Medical treatment of this variation of normal growth is not necessary and reassurance alone remains the main modality. However, CGDP can contribute to psychological difficulties and affect school performance and social relationships [2] . In addition, it has been suggested that delay in puberty might be a risk factor for adult osteopenia [6] . On this basis, clinicians may consider the treatment options in these children in order to improve their growth rate. In previous studies, it has been hypothesized that alpha 2-adrenoceptor activation by clonidine has a stimulatory effect on growth hormone (GH) release [5, [7] [8] [9] . The use of clonidine in children with CGDP has been the subject of several studies [8, 9] but, very divergent results have been reported and therefore the effectiveness of clonidine in increasing growth rate of CGDP is not clear. Many subjects affected by constitutional short stature show a good response to human growth hormone (HGH) therapy, whereas others do not benefit by this treatment [10] [11] [12] [13] . The use of aromatase inhibitors and oxandrolone, a weak anabolic steroid has been shown to be effective in children with CGDP. Results are encouraging in terms of effective increase in height [14, 15] . The short courses of low-dose testosterone therapy also appear to be efficacious and safe for treatment of appropriately selected individual's boys with constitutional delay of growth and puberty [16, 17] .
Objectives
The objective of this study was to investigate the effect of clonidine on growth velocity in prepuberal boys with CGD.
Patients and Methods
This prospective, randomized clinical trial was conducted at pediatric endocrine clinic of Besat hospital, Hamedan, Iran from September 2009 to September 2010. The study was approved in ethics and research committee of Hamedan University of Medical Sciences and written informed consent was obtained from all subjects or their parents.
Inclusion Criteria
The diagnosis of CGDP was defined as [10] height below the third percentile or > 2 standard deviation (SD) below that of children of the same chronological age and sex, according to center for disease control (CDC) clinical growth charts based reference, delayed bone age (by ≥ 2 years), low growth rates < 5 cm/y, GH response of > 10 µg/L to at least two stimulation tests (clonidine and exerciseinduced) in otherwise healthy prepubertal boys. Systemic or specific causes of short stature were ruled out by history, physical examination and routine laboratory tests.
Exclusion criteria
Subjects were excluded if they were taking any medication or developed acute or chronic illnesses that impaired growth or entered puberty at the study period or did not adhere to treatment and follow-up.
Study Subjects
Forty-eight prepubertal boys (6 -12 years) with CGDP who met inclusion criteria were recruited. A detailed questionnaire of the required information was completed and pubertal Tanner staging and accurate height measurement (by Seca wall-mounted stadiometer) were made at baseline and every 3 months. Height Standard deviation score (HSDS) were assessed regularly.
Standard deviation score is defined by the formula: actual height minus mean height for age divided by standard deviation of height for age. In all recruited subjects screen blood tests were done and bone age was determined by examining a radiograph of the left hand and wrist. An expert examiner who was blinded as to which subjects are in trial or control groups took measures at baseline and followup. Subjects were randomly assigned to either clonidine (made by Tolid Daru company, Iran) treatment group or control group. Main outcome measure was growth rate 6 months before and 6 months after treatment with clonidine. Six months observation without any treatment followed by an immediately 6 months period during which nightly dose of clonidine (0.1 mg/m 2 by mouth) was administered in all subjects treatment arm of the study. The results of 6 months of clonidine therapy were compared with who received placebo before sleep for 6 months. The subjects had a full examination every 3 months. They were instructedto report any drug side effects.
Statistical Analysis
The statistical analyses were performed using the standard statistical package SPSS-15. One-way ANOVA and Tukey tests were employed to evaluate differences between groups. Independent t-test and paired t-test were applied to compare the growth rate changes and difference within groups, respectively. Results are expressed as mean ± SD. P < 0.01 was considered statistically significant.
Results
During one year duration of study, 51 boys were included but 3 individual were excluded because they did not completed study. The mean chronological age was 10.92 ± 1.79 and 10.25 ± 1.91 years in treated and control groups, respectively. At baseline, the mean ± SD of height in both groups did not have significant difference. A mean increase in HSDS was observed in treated group (Table 1) . But was not statistically significant compared with control subjects. In treated group, height velocity (cm/6 months) increased but in control group height velocity decreased ( Table 2 ). The mean growth rate velocity was +1.45 ± 1.29 and +0.9 ± 0.5 cm/6 months in treated and control groups, respectively. Any serious adverse event was not occurred. Three subjects had mild drowsiness, orthostatic hypotension and knee joint pain which diminished with drug consumption. 
Discussion
In present study, we found that growth height velocity in subjects who receivedclonidine, slightly increased. However, difference was not significant compared with control group. Compliance in our subjects was very good 2
Zahedan J Res Med Sci. 2016; 18(3):e6247. and no secondary reactions were observed. Our results are consistent with a number of previous reports that demonstrated clonidine is not capable of increasing growth rate in boys with CGDP [18, 19] . Pescovitz and Tan found that clonidine does not have a beneficial effect on linear growth velocity of CGDP [18] and Allen showed that clonidine therapy at bed time for 6 months did not increase growth velocity or plasma insulin-like growth factor I levels compared to placebo [19] . In contrast with the current study, Loche et al. [20] evaluated the effect of clonidine therapy on 24 hours integrated GH secretion in eight children with constitutional growth delay (CGD). They indicated that clonidine is capable of increasing GH levels and accelerate growth in studied children. Similarly in study of Casanova Bellido et al. on 23 prepubertal children (11 boys and 12 girls) six months treatment with clonidine resulted in increased the growth speed and the somatomedin C levels and decreased the height SD score, in 87% of the subjects [21] . According to a study of Pintor et al. in 25 of 34 children, the height velocity considerably increased with clonidine therapy and in 21 of them by more than 2 cm/yr during the first 6 months of treatment. They concluded that clonidine may be a useful form of therapy for children with CGDP [22] . Similarly in a prospective study by DorantesAlvarez et al. clonidine administration in children with familial or constitutional growth short stature, increased height velocity in both groups [23] . Moreno Esteban et al. and Calzolari et al. [24, 25] also claimed that clonidine was helpful in increasing growth velocity of patients with constitutional growth delay. Above disagreement and discrepancies of studies results, may be due to differences in baseline characteristic in studies populations, causes of short stature, different clonidine prescription and additional treatment with vitamins or calcium replacement in some studies. Compliance in our subjects was very good and no secondary reactions were observed. These results were also similar to those of others researchers [22, 23] .
Limitations
The data of this study was not sufficiently powered to be extrapolated to the large clinical setting. Therefore, it warrants compaction with results of previously reported findings.
The result of this study indicates that clonidine therapy would not be expected to be a particularly effective strategy to promote linear growth. We can therefore not recommend this form of therapy for children with constitutional growth delay.
